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[57] ABSTRACT

A transmission system for the transmission of binary
data symbols is described in which a so-called *“‘crank-
shaft code,” in combination with a receiver having a
special filter characteristic, enables a more optimum
signal detection, independent of the cable characteris-
tic. |

The system is used for digital transmission over cabies

in the local telephone network.

3 Claims, 32 Drawing Figures
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- TRANSMISSION SYSTEM FOR THE
TRANSMISSION OF BINARY DATA SYMBOLS

BACKGROUND OF THE INVENTION 3

(1) Field of the invention

The invention relates to a transmission system for
transmitting binary data symbols in synchronous con-
secutive symbol time intervals having a duration of T g
seconds.

The invention is particularly applicable to the field of
data transmission using the cables of the public tele-
phone system, between the subscribers and the teie-
phone exchanges, the spectrum of the binary informa- 15
tion signal extending from 0 Hz to a certain highest
frequency. The component at 0 Hz, the d.c. component,
will be absent from the transmitted signal when trans-
former couplings are present in the cable.

(2) Description of the prior art 20

A generally known method of transmitting binary
information signals without a d.c. component and with
sufficient clock information to enable a clock signal to
be easily generated is the bi-phase modulation. In accor-
dance with this method the binary information signal is
phase modulated on a carrier at the frequency which
equals the bit rate (1/T Hz), which is in-phase with the
information signal. U.S. Pat. No. 3,846,583 describes a
variant of this method. The phase of the carrier accord- .,
ing to this variant is shifted through 90° which respect
to the binary information signal. In view of the special
pulse shape then occurring the name “top hat” modula-
tion or code was proposed for this variant. The ampli-
tude spectra of the modulated signals in accordance 35
with these modulation methods are shown in FIG. 3 by
means of the curve BP for the bi-phase modulation and
by means of the curve TH for the “top hat” modulation.
These two spectra are asymmetrical with respect to the
frequency which equals the bit rate (fT=1). | 40

In the above methods, for an optimum detection of
the symbols without intersymbol interference, a receive
filter will be required whose filter characteristic has an
opposite asymmetry. However, this results in a detec-
tion which is not so optimum as regards the signal-to- 43
noise ratio. |

SUMMARY OF THE INVENTION

The invention has for its object to provide a transmis-
sion system of the type referred to in which an optimum
detection of the data symbols is possible at the receiving
end both as regards the intersymbol interference and the
signal-to-noise ratio, this detection being substantially
independent of the cable characteristic, for a large
range of cable lengths, for example 0-4 km.

The transmission system according to the invention is
characterized in that at the transmitter end each data
symbol is converted into two rectangular pulses of op-
posite polarity, corresponding points of which are sepa- g

" rated by a duration of T/2 seconds, each pulse having a
duration of T/4 seconds and occurring at, or after, a
respective period from the beginning of the symbol time
interval, and that, at the receiver end, the received
signal comprising the converted data symbols is filtered 65
in accordance with a low-pass filter characteristic hav-
ing zeros at 0 Hz and 2/T Hz and a sinusoidal variation
between these zeros.
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2
SHORT DESCRIPTION OF THE FIGURES

FIG. 1 is a block diagram of a transmission system
according to the invention;

FIGS. 2a-2f show time diagrams;

FIG. 3 shows some amplitude spectra resulting from
different modulation {coding) methods;

FIGS. 4a-4¢ show the amplitude spectrum, the im-
pulse response and the eye pattern, respectively, of the
transmission system according to the invention, without
cable attenuation;

FIG. 5 shows some cable characteristics;

FIG. 6a-6d show the amplitude spectrum, the 1m-
pulse response and the eye pattern, respectively, of the
transmission system according to the invention, with
cable attenuation. and a linear cable characteristic;

FIGS. 7a-T¢ show the amplitude spectrum, the 1m-
pulse response and the eye pattern, respectively, of the
transmission system according to the invention with a
cable which is 4 km long;

FIGS. 8a-84 show the amplitude spectrum, the 1m-
pulse response and the eye pattern, respectively, of the
transmission system according to the invention, with
cable attenuation, and a linear cable characteristic;

FIG. 9a is the block diagram of an embodiment of the
code generator for use in the transmission system shown
in FIG. 1 and FIG. 95 shows an associated storage
table; | | |

FIG. 10 is the circuit diagram of an embodiment of
the receive filter for use in the transmission system
shown in FIG. 1;

FIG. 11 is the circuit diagram of an alternative em-
bodiment of the receive filter for use in the transmission
system shown in FIG. 1;

FIG. 12 shows some filter characteristics of the re-
ceive filter;

FIG. 13 is the block diagram of an alternative re-
ceiver, and

FIGS. 14g-14¢ show time diagrams.

DESCRIPTION OF THE EMBODIMENTS

A system of the type set forth in FIG. 1 has for its
object to transmit binary data symbols, called bits here-
inafter, from a transmitter 1 (FIG. 1) to a receiver 2
through a transmission medium 3. This medium 3 may
consist of one or more sections of a cable and may com-
prise transformer couplings. Signals containing a d.c.
component cannot then be transmitted over the cable.

The transmitter 1 comprises a data source 4 supplying
a bit stream with bit intervals of T seconds which are
synchronized by clock signal device 5. The bits are
applied to a code generator 6 which gencrates for each
bit a predetermined time function or waveform having
a duration of T seconds. |

The receiver 2 comprises a receive filter 7 having
connected thereto a sampling switch 8, which is con-
trolled synchronously with the received data signals by
a clock signal device 9. A polarity detector 10, for de-
termining the value of each received bit, is connected to
sampling switch 8,

The clock signal device 9 can be synchronized by
clock signal device §, by means of a separate synchro-
nizing signal which is transmitted from clock signal
device § to clock signal device 9 through the transmis-
sion medium 3. This is symbolically shown by the dot-
ted connection between these devices. In practice 1t 1s
often desired, for clock signal device 9, that it can ob-
tain the synchronizing information from the transmitted
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data signal itself. The transmitted data signal contains
signal transitions at distances of T/2 sec., which furnish
information about the clock of the transmitter. Deriving
the clock signal from the data signal does not form the
subject of the present invention. | 5

The code generator 6 generates the waveforms
which are shown in FIG. 2. FIG. 2g shows the subdivi-
sion of the time axis in symbol intervals of T seconds.
FIG. 26 shows a bit having the value 17 in a first sym-
bol interval and a bit having the value 0" in a second [
symbol interval. FIG. 2¢c shows the associated wave-
forms, the duration of the different portions of the
waveforms being shown in FIG. 2d.

The waveform for the bit value *“1” consists of a
negative pulse, which is followed by a positive pulse, 5
these pulses having a duration of T/4 seconds. The
spacing between corresponding points of the pulses is
T/2 seconds. The waveform for the bit value “0” is
identical to the waveform for the bit value “1” but is of
the oppostte polarity. The distance of the pulses from 0
the beginning of the symbol interval is of no impor-
tance. The waveforms shown in FIGS. 2¢ and 2f may
consequently also be used. Hereinafter it will be as-
sumed that the transmitter 1 generates the waveforms
shown in FIG. 2¢. A shift of the waveforms to the 75
waveforms of FIGS. 2¢ or 2/ will affect the delay char-
acteristic of the transmitter 1 but will not affect the
amplitude spectrum of the transmitted signal.

As a result of the code chosen, which can be termed
a “crankshaft”-code because of the waveform shape 10
which it results in, the send signal obtains an amplitude
spectrum as 1llustrated in FIG. 3 by the curve CS
(crankshaft). For comparison, the amplitude spectra for
a biphase modulation, curve BP, and for a “top hat”
code, curve TH, are shown in the same Figure. The 35
portion of the amplitude spectrum which is above twice
the bit rate, the point fT=2, will not be considered
because it is cutoff in the receiver 2. If so desired, this
portion of the spectrum can be eliminated in the trans-
mitter 1 by means of a simple filter. As will be apparent
from FIG. 3, the amplitude spectrum in accordance
with the crankshaft code is highly asymmetrical around
an axis passing through the point fT = 1. This symmetry
is advantageous when a cable, whose amplitude versus
trequency characteristic has a substantially linear varia-
tion, is included between transmitter and receiver. Sig-
nal components having frequencies which are symmet-
rical with respect to the bit rate transmit the same infor-
mation, in the manner of a double-sideband modulated
signal. These signal components are attenuated by a
linear cable characteristic in a complementary manner,
such that the sum of these signal components is attenu-
ated 1n a uniform manner. For the transmission of infor-
mation, this corresponds to attenuation by means of a
cable having a uniform characteristic.

Neglecting a real constant factor, the Fourier trans-
form of the time function shown in FIG. 2¢, which is
denoted the spectrum function of the crankshaft code
hereinafter, its defined by: |
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The last term in expression (1) is the form factor
resulting from the pulse width of T/4 second. For Dirac

impulses the form factor is 1. The last term in expression
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(1) 1s of only Iittle influence in the interval from 0 Hz to
twice the bit rate (fT =2). Thus the amplitude spectrum
of the crankshaft code has an approximately sinusoidal
variation.

Starting from a spectrum function for the transmitter
as defined by the first part of the expression (1), the
recerver has an optimum signal-to-noise ratio for white
noise, when the transfer function of the receive filter is

defined by:

i sin (@ T/4) (2)

In principle, the receive filter 7 is a low-pass filter
having a cut-off frequency of twice the bit rate. The
optimum receive filter has a transfer function which,
below the cut-off frequency, satisfies expression (2). In
the optimum case, the spectrum function of the trans-
mitter 1s fully represented by the first part of expression
(1). Owing to the presence of the last term in expression
(1), however, the optimum is never fully attained. How-
ever, it appears that with the use of the crankshaft code
a signal-to-noise ratio penalty of only 1 dB is incurred.

For proper signal detection, it is desirable for the
intersymbol interference to be as small as possible at the

output of recetver filter 7. This is the case when the

system, formed by the combination of transmitter and
receiver, has a transfer function which satisfies the ex-

pression
(sin (wT/4))? (3

In FIG. 4¢ this characteristic is illustrated by curve Al.
The associated impulse response is shown in FIG. 45 by
curve B1. The eye pattern occurring at the output of the
recetve filter 7 is shown in FIG. 4¢, wherein the symbol
period T is indicated. It will be apparent that no inter-
symbol interference is produced at the sampling instants
t0, t'0. |

For the realization of a system having a transfer func-
tion satisfying expression (3) in the case of the crank-
shaft code, the receive filter 7 is chosen so that the
transfer function between 0 Hz and the cut-off fre-

quency satisfies the expression:
} wT™ cos ((wT/8)) (4)

It can be easily seen that multiplication of the expres-
stons (1) and (4) will result in expression (3), neglecting
a non-relevant constant real factor.

Compared with a receive filter in accordance with
expression (2), a small signal-to-noise ratio penalty of
only 0.1 dB is incurred when a receive filter in accor-
dance with expression (4) is used. The filter characteris-
tics in accordance with the expressions (2) and (4) are
shown in FIG. 12 by the curves F2 and F4.

Hereinafter it will be assumed that the receive filter 7
satisfies expression (4), which implies that no intersym-
bol interference occurs at the sampling instants t0, t'0.
The system then satisfies the first Nyquist criterion.

FIG. 5 shows some amplitude-versus-frequency char-
acteristics for different cable lengths. Here and herein-
after a bit rate of 64 kHz will be assumed.

To illustrate the operation of the system when a cable
1S present between the transmitter and the receiver,
FIGS. 6, 7 and 8 show the amplitude spectrum, the
impulse response and the eye pattern at the output of
the receive filter, for different cable characteristics.

The amplitude spectrum is represented by the curves
A2, A3 and A4, in the FIGS. 6a, 7z and 8a, curve A1l of
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FIG. 4a serving as reference. The impulse response 1s
represented by the curves B2, B3 and B4 in the FIGS.
65, 76 and 8b, the curve Bl of FIG. 44 serving as refer-
ence. The eye pattern 1s shown in the FIGS. 6¢, Tc and
8.

FIG. 6 relates to a cable having a linear amplitude-
versus-frequency characteristic, as illustrated in FIG.
6d. F1G. 7 relates to a cable having a length of 4 km,
whose amplitude-versus-frequency characteristic 1s
shown tn FIG. 5. FIG. 8 relates to a linear amphitude-
versus-frequency characteristic as shown in F1G. 84,
having a cut-off frequency equal to twice the bit rate. It
will be apparent that in all these cases the eye pattern
has substantially its maximum height at the sampling
instants 10, t'0 and that also the width of the eve on
either side of the sampling instanis t0, t'0 has substan-
tially the maximum wvalue. Consequently, the cable
characteristic does substanfially not affect the signal
detection. The only influence of the cable consists 1n an
attenuation of the peak value of the received signal at
the sampling instanis.

FIG. 92 shows an embodiment of transmitter 1. The
clock signal device 5 comprises a pulse source 11 hav-
mg a rate 4/T Hz, which 1s four times the bit rate. This
rate is divided in two divider stages 12 and 13 into twice
the bit rate 2/T Hz and once the bit rate 1/T Hz. The
signals having the rate 4/T, 2/T and 1/T Hz are applied
to the exclusive-OR gates 14, 15 and 16 in code genera-
tor 6. The output signal of the data source 415 applied to
a second input of these gates. In this manner binary
signals ag, a) and a; are produced at the outputs of these
gates, these bits together forming three-bit addresses for
a ROM memory 17. The memory 17 comprises eight
memory locations, corresponding with these addresses,
an X-bit and 2 Y-bit having been stored in each location,
in accordance with the Table shown in FIG. 95.

Signals corresponding to an X-bit and a Y-bit read
from the memory are applied to the input of a differen-
tial amplifier 18 via identical resistors R. This differen-
tial amplifier supplies the output signal Vu in accor-
dance with the last column of the Table of FIG. 9b. It
can be eastly verified that in the symbol intervals of T
seconds, the waveforms shown in FIG. 2c¢ are generated
at the output of the differential amplifier 18.

An embodiment of a receive filter 7 having a transfer
function defined by expression (2), curve F2 in FIG. 12,
ts shown in FIG. 10. An embodiment of receive filter 7
having a transfer function defined by expression (4),
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curve F (4) in FIG. 12, is shown in FIG. 11. This filter

consists of the cascade arrangement of a differentiator
having the transfer function jo (on the right-hand side
in the Figure) and a low-pass filter having the transfer
function cos (wT/8) (on the left-hand side of the Fig-
ure). A value used in practice for the cut-off frequency
was 128 kHz. Determining the component vaiues of the
filters for a given cut-off frequency is within the knowl-
edge of one skilled in the art.

Fi(G. 13 shows the block diagram of an alternative
recetver for the crankshaft code. This receiver com-
prises a recetve filter 19 having a uniform low-pass
characteristic, as shown at 20. Two sampling switches
21 and 22 are connected to the output of the filter 19.

S0
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These switches are controlled by clock signal device 23
with the bit rate 1/T Hz and a phase difference of 180°.
The sampling instants of the switches 21 and 22 are
illustrated in FI1G. 14b and 14c¢ relative to the waveform
of the crankshaft code, shown in FIG. 14a. The signal
sample of sampling switch 21 is delayed for half the
sampling period by a delay section 24. A difference
producer 25 produces the difference between the de-
layed signal sample and the signal sample of sampling
switch 22.

A sampling switch 26 is connected to the output of
difference producer 28, a polarity detector 27 being
connected to this sampling switch. These two devices
correspond to the sampling switch 8 and the polarity
detector 10 in FIG. 1. The regenerated binary data
symbols appear at the output of polariiy detector 27.

The arrangement provided between the output of
filter 19 and the input of sampling switch 26 functions as
a network having a transfer characteristic as illustrated
at 28. This 1s a periodic characteristic having a sinusot-
dal variation between 0 Hz and twice the bit rate, in
accordance with expression (2). In this receiver the
combination of the characteristics 20 and 28 performs
the same function as the characteristic of receive filter 7
in the receiver shown in FIG. L

What is claimed is:

1. A transmission system comprising a transmitter and
a receiver for the transmitter of binary data symbols in
synchronous consecutive symbol time intervals having
a duration of T seconds, characterized in that the trans-
mitter comprises means for converting each data sym-
bol into two rectangular pulses of oppostte polarity,
corresponding points of which are separated by a dura-
tion of T/2 seconds, each pulse having a duration of
T/4 seconds, and occurring at, or after, a respective
period from the beginning of the symbol time interval,
and, that the receiver comprises means for filtering the
received signal, comprising the converted data symbols,
in accordance with a low-pass filter characteristic hav-
ing zeros at 0 Hz and 2/ T Hz and a sinusotdal response
curve between said zero frequencies.

2. A receiver for use in the t{ransmission system as
claimed in claim 1, characterized in thai the receiver
comprises, in combination with a signal regeneration
device, a low-pass filter coupled to the input of said
receiver having a filter characteristic with a maximum
at 0 Hz and a zero at 2/T Hz and a cosinusoidal re-
sponse between said maximum and the zero, and a dif-
ferentiating network arranged in cascade therewith.

3. A receiver for use in the transmission system as
claimed in claim 1, characterized in that the recetver
comprises, in combination with a signal regeneration
device, a low-pass filter having a uniform filter charac-
teristic between 0 Hz and 2/T Hz, two sampling cir-
cuits, having a sampling rate of 1/T Hz and operating
with a mutual time difference of T/2 seconds, con-
nected to the output of the low-pass filter, and means
for applying the difference between the signal samples
produced by the sampling circuits to the signal regener-

ation device in each symbol interval.
£ % % % %
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